Background: Limb girdle muscular dystrophy type 2G (LGMD2G) is a subtype of autosomal recessive muscular dystrophy caused by mutations in the telethonin gene. There are few LGMD2G patients worldwide reported, and this is the first description associated with early tibialis anterior sparing on muscle image and myopathic-neurogenic motor unit potentials. Case presentation: Here we report a 31 years old caucasian male patient with progressive gait disturbance, and severe lower limb proximal weakness since the age of 20 years, associated with subtle facial muscle weakness.
Background
Limb girdle muscular dystrophy 2G (LGMD2G) is a subtype of autosomal recessive muscular dystrophy caused by mutations in the telethonin (TCAP) gene, characterized by a progressive limb girdle muscular weakness. Its progression rate has been considered relatively slow, compared to other muscular dystrophies [1] . There is a worldwide small number of known patients with telethoninopathy, either with limb girdle muscular dystrophy 2G [2] [3] [4] [5] [6] [7] [8] [9] or with congenital muscular dystrophy [1, 10, 11] . The number of publications with image studies in LGMD2G patients is even smaller [7, 8, 12] .
The aim of this study is to present clinical, neurophysiologic, laboratorial, muscle morphologic, immunohistochemical and electron microscopy analyses and molecular findings in a newly identified patient with LGMD2G, revealing a higher phenotypic variability. This is the first report of a telethoninopathy patient with early tibialis anterior muscular sparing on image study, facial weakness, myopathic/neurogenic motor unit potentials, and ultrastructural study of the rimmed vacuoles on muscle biopsy [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Case presentation

Patient information
A 29 years old male patient was admitted at the outpatient clinic. He reported frequent falls since gait acquisition when he was one year old. After 20 years old, he noticed progressive gait disturbance with weakness in the lower limbs and tremor on the hands. No history of parental consanguinity or similar cases in the family were reported. Physical examination at admission revealed increased calf, difficulties performing extraocular eye movement and lower limb proximal weakness.
Clinical findings
Clinical examination, included muscle strength testing as rated by the Medical Research Council scale. The degree of muscle involvement on image studies was evaluated according to a 5-point scale [13, 14] . Stage 0 is normal appearance; stage 1 (mild) corresponds to traces of decreased density on CT (computed tomography) or increased signal intensity on the T1-weighted MR (magnetic resonance) sequences; stage 2 (moderate) reflects reduced density on CT or increased signal intensity (MRI) with beginning confluence in less than 50% of the muscle; stage 3 (severe) refers to decreased density (CT) or increased signal intensity (MRI) in more than 50% of an examined muscle; and stage 4 (advanced disease) to a state when the entire muscle is replaced by lower density (CT) or increased signal intensity (MRI).
Diagnostic assessment
Electromyography (EMG) disclosed a mixed pattern, neurogenic and myopathic, mainly myopathic, with mild muscle membrane hyperexcitability. We analyzed the right deltoideus, triceps, biceps brachialis and first dorsal interosseous, left vastus lateralis, bilateral tibialis anterior and right gastrocnemius medialis by conventional and quantitative EMG method with twenty motor unit potentials (MUP) quantification of each muscle studied. At rest, fibrillation and positive waves were detected in the right gastrocnemius medialis. At initial effort, all muscles studied showed low amplitude and/or short duration MUP (myopathic characteristics), mainly in the lower limbs. Right triceps brachialis, deltoideus and first dorsal interosseous muscles presented a mixed pattern (myopathic and neurogenic), showing besides myopathic motor unit potentials, many other potentials with high amplitude and/or long duration (neurogenic characteristics), with high MUP polyphasic proportion in all of them (Table 1) .
Serum muscle enzymes were increased with a total creatine kinase level of 1438 UI/L (7.5×) (reference value under 190 UI/L), and serum aldolase level of 10.1 (1.3×) (reference value under 7.6 U/L).
Computed tomography of the pelvis, thighs and legs revealed advanced gluteus maximus, gluteus medius, and gluteus minimus involvement. At the thigh, there was advanced (grade 4) biceps femoris, semitendinosus, and semimembranosus involvement; severe (grade 3) vastus lateralis, vastus medialis, vastus intermedius, and adductor magnus involvement, with relative preservation and hypertrophy of the sartorius and gracilis. At the leg, there was asymmetric muscle involvement with advanced (grade 4) soleus, right gastrocnemius medialis, and left peroneus involvement, as well as tibialis anterior muscle sparing (Figure 1 ).
Patient was submitted, when he was 31 years old, to a left vastus lateralis muscle biopsy that demonstrated abnormal architecture with areas of fibrous and fat replacement, endomysial fibrosis, fiber splitting, atrophic and hypertrophic fibers. There were groups of atrophic and groups of hypertrophic fibers ( Figure 2A ), with type 2 fiber predominance (data not shown). Frequent rimmed vacuoles were observed. These rimmed vacuoles presented different sizes and shapes, peripheral or central locations, inside the sarcoplasm of both atrophic and hypertrophic fibers. Rimmed vacuoles were characterized by empty spaces with a rim of basophilic material ( Figure 2B ). No lobulated fibers were observed on the muscle biopsy sample.
Immunohistochemical studies demonstrated normal reaction for sarcoglycans (alpha, beta, gamma, delta), dysferlin, merosin, caveolin, myotilin, and emerin. Immunohistochemical studies for the three dystrophin epitopes (Rod, carboxy-terminus, amino-terminus), disclosed focal irregular reaction for the carboxy-terminus that was evident on serial sections of the same fibers ( Figure 2D ,E,F). Immunohistochemical reaction for the anti-telethonin antibody showed total deficiency ( Figure 2C ), consistent with telethoninopathy (Limb Girdle Muscular Dystrophy type 2G).
Transmission electron microscopy demonstrated endomysial fibrosis, fiber and myofiber splitting, focal intrasarcoplasmic glycogen deposits, many degenerating fibers, very small atrophic fibers with or without degeneration signs, and autophagic vacuoles with numerous membrane and sarcoplasmic debris ( Figure 2G,H) .
The molecular investigations were part of standard patient diagnostics, and included the search for Facioscapulohumeral muscular dystrophy, Spinal muscular atrophy, mitochondrial m.3243 A < G mutation, dystrophinopathy, and Limb Girdle Muscular Dystrophy type 2A (calpainopathy), which disclosed normal results. The 
Discussion
The patient here described presented his first symptoms in childhood and evident lower limb muscular weakness at 20 years old. His symptoms progression was within the age range previously described in telethoninopathy patients, that is usually between 9 and 20 years old [12] . Differently from other LGMD2G patients, however, he presented tremor on the hands at his first examination, which significance in the myopathic context of his disease is still not clear. Small hand muscle weakness was slight or inexistent in previously described patients [2] . An additional atypical characteristic of LGMD2G, observed in this patient, was a subtle extraocular and facial weakness, since facial muscles were always spared in telethoninopathy patients already reported [2, 7, 8] . Interestingly, this finding had been observed in another telethoninopathy Brazilian patient, examined in advanced stage of the disease [12] .
The muscular weakness pattern in telethoninopathy may be predominant proximal or distal [2] [3] [4] [5] [6] [7] [8] [9] 12] . Even in patients with predominant proximal lower limb weakness, foot drop or frequent tripping, related to tibialis anterior involvement, are common initial [8, 12] or late (ten years after first symptoms) [7] findings. In accordance with these clinical observations, our patient also presented predominant proximal lower limb weakness, and calf volume increase with soleus and gastrocnemius medialis involvement. On the other hand, a pattern of early tibialis anterior involvement, compared to posterior calf muscles, on muscle image studies, which has been consistently reported in teletoninopathy patients [7, 8, 12] was absent in this patient.
The electromyography demonstrated mixed neurogenic and myopathic motor unit potentials. Muscle biopsy demonstrated groups of atrophic and groups of hypertrophic fibers simulating a neurogenic pattern. Neurogenic pattern associated with muscular dystrophy has already been described in calpainopathy (Limb Girdle Muscular Dystrophy type 2A -LGMD2A) patients [15, 16] . This pattern could be perhaps secondary to a reinnervation process after fiber group necrosis or nerve degeneration, Figure 1 Computed tomography of the pelvis, thighs and legs.
At the pelvis there is advanced gluteus maximus, gluteus medius, and gluteus minimus involvement. At the thigh, there is advanced biceps femoris, semitendinosus, semimembranosus involvement; severe vastus lateralis, vastus medialis, vastus intermedius, and adductor magnus involvement, with relative preservation and hypertrophy of sartorius and gracilis. At the leg, there is asymmetric muscle involvement with advanced right gastrocnemius medialis, left peroneus, bilateral soleus involvement, compared to tibialis anterior muscle sparing.
although neither nerve degeneration nor groups of necrotic fibers were observed on this muscle biopsy. Therefore, the exact mechanism of neurogenic motor unit potentials in this patient remains elusive. Muscle biopsy, from the patient here reported, demonstrated the frequent findings of LGMD, including fibers with rimmed vacuoles, which we well characterized by transmission electron microscopy, as vacuoles containing sarcoplasmic degradation products.
Immunohistochemical investigation demonstrated complete deficiency of telethonin, which is totally indicative of LGMD2G [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Only a small number of known patients with telethoninopathy have been reported [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . As molecular diagnosis is not worldwide available, and since a huge clinical variability can be observed in all forms of
LGMDs, protein techniques with commercially available anti-telethonin antibodies should be introduced in a routine basis in the diagnostic workup of any patient with undetermined limb girdle muscular dystrophy, both with proximal and distal weakness, and/or myopathic or mixed neurogenic phenotypes.
Telethonin is a sarcomeric protein that binds to the titin amino terminus [17] , it is involved with normal sarcomeric regulation and development, activated by MyoD and expressed after myogenin binding during embryogenesis [18] . Therefore, it is believed that telethonin does not interact with the dystrophin associated complex [19] . Thus, the telethoninopathy physiopathological mechanism of fiber injury may be different from the putative mechanical stress disruption of the sarcolemma, during muscle contraction, in dystrophinopathy. Perhaps fiber necrosis may be secondary to a defect in sarcomeric regulation with accumulation of fiber degradation products and possible lysosomal hyperactivity.
The patient here described was submitted to muscle biopsy about eleven years after the progression of muscle weakness. No lobulated fibers or nemaline rods were observed on his muscle biopsy, in the opposite to a patient who was submitted to muscle biopsy 46 years after her first symptoms [12] . Therefore, it is possible that lobulated fibers and nemaline rods are a secondary phenomenon related to the long duration of symptoms [13] , not yet manifested in this still ambulant patient.
Conclusions
The phenotypic variability of telethoninopathy is expanded with this report, as it disclosed that: 1) early tibialis anterior involvement compared to posterior leg muscles is not mandatory at first presentation, and 2) telethoninopathy may mimic clinical and neurophysiological signs of neurogenic disorders. Later studies will be necessary to elucidate the physiopathological mechanisms involved in the development of telethoninopathy as well as the precise mechanism of muscle involvement and sparing, detectable through clinical examination and image studies, and the discovery of mechanisms to stop muscle weakness progression. 
